Aim: To evaluate the clinical performance of a composite resin (CR) and a resin-modified glassionomer cement (RMGIC) for the treatment of abfraction lesions. Methods: Thirty patients with abfraction lesions in at least two premolar teeth were selected and invited to participate in this study. All restorations were made within the same clinical time frame. One tooth was restored with CR Z100 TM (3M, St. Paul, MN, USA), and the other was restored with RMGIC Vitremer TM (3M). The restorations were assessed immediately and 1, 6 and 12 months after the restoration, using modified US Public Health Service (USPHS) criteria: marginal integrity, marginal discoloration, wear, retention, secondary caries and hypersensitivity. The statistical analysis was based on Friedman ANOVA test and Mann-Whitney test, considering p<0.05 for statistical significance. Results: Both materials demonstrated satisfactory clinical performance after one year. In the individual analysis of each material, there was a significant difference (p<0.05) in the criteria marginal integrity and wear, for both CR and RMGIC. RMGIC exhibited more damage one year after the restoration. Comparing both materials, it was found a significant difference only for marginal discoloration, while the RMGIC restorations showed the worst prognosis after a year of evaluation. There was no significant difference in the number of retentions, caries or hypersensitivity between CR and RMGIC. Conclusions: It was concluded that CR exhibited the best clinical performance according to the cost-effectiveness and evaluation criteria used in this study.
Introduction
Abfraction is a concept that explains the pathological loss of cervical tooth structure caused by eccentric occlusal forces on the teeth [1] [2] . Problems such as dentinal hypersensitivity, increased bacterial biofilm retention and caries incidence are commonly related to abfraction lesions and require the replacement of the lost tooth tissue with restorative materials 3 . The treatment of abfraction lesions depends on the elimination of the etiological factors, and it is done by a combination of preventive and therapeutic measures. In addition, performing occlusal adjustment prior to restoration is of paramount importance for a successful treatment 4 . Commonly used restorative materials are composite resin (CRs), glass-ionomer cement or a combination of both materials and their appropriate adhesive systems. The dentist's choice of the restorative material is usually determined by factors such as micromechanical adhesive retention, tooth structure preservation, and good aesthetic and functional outcomes 5 . However, several studies report failure of cervical restorations of abfraction lesions and an incessant search for the most suitable restorative material Therefore, this study aimed to evaluate the clinical performance of a CR compared with a resin-modified glass-ionomer cement (RMGIC) in the treatment of abfraction lesions.
Material and methods

Study design and sample
This study involved the clinical follow up of patients treated at the integrated dentistry clinic at Universidade Estadual do Rio Grande do Norte (UERN), Caicó, RN, Brazil. The volunteers (n=30) who participated in this clinical trial were 18-50 years old. All participants were informed about the conditions and goals of this study and signed a written informed consent. The study project has been previously reviewed and approved by the local Research Ethics Committee (Process No. 785.023 / 2014).
The sample size was determined considering a retention rate of 98% for RMGIC after one year 9 and a unilateral test with an alpha level of 5% and a power of 80%. Thus, in order to detect a difference of 20%, the minimum sample size was set at 30 volunteers.
Each volunteer received two restorations of abfraction lesions, totaling 60 dental restorations. All procedures were performed in accordance with the recommendations of the American Dental Association (ADA) for clinical trials with restorative materials 10 . The criteria for participation were good general health, current treatment at the dentistry clinic at UERN, satisfactory oral hygiene and acceptable oral conditions. The required occlusal restorations were already placed on all posterior teeth except those with abfraction lesions. Additionally, in order to participate in the study, volunteers were required to have at least 20 teeth and one abfraction lesion in two different premolar teeth, in contact with antagonist teeth.
All premolars presented wedge-shaped cervical lesions with e"1 mm depth on the vestibular sides. Volunteers were excluded from the study if they required dental prostheses in the spaces contiguous to target teeth, a diagnosis of caries coincident with the cervical lesion, or an indication for irreversible endodontic treatment of the target teeth. Other exclusion criteria were the existence of moderate-to-severe periodontal damage and/or parafunctional habits. Patients selected for the study were already under treatment in the Integrated Dental Clinics, including those forwarded and screened in the Temporomandibular Disorders Extension Project, which excluded patients with severe occlusal problems and more severe parafunctional habits, avoiding bias in the study.
The methodology was based on the split-mouth system. For standardization purposes, the tooth pairs chosen for restoration had to be similar in size and depth. A premolar from each dental arch, located in different hemi-arches was selected. After the restorations with both materials, the gross excesses were removed and initial finishing was performed. In the following session, finishing and polishing were completed using composite polishing burs and rubber tips.
Clinical protocol of the restoration
Clinical Evaluation -Data Collection
Two calibrated and trained dentists blinded to the materials and methodology of the study evaluated the restorations. The study's coordinator conducted calibration of the evaluators. The clinical parameters were explained and a trial data collection with the equivalent of 10% of the sample was performed. Kappa Cohen test was applied to confirm the calibration of the evaluators and satisfactory results were obtained (Kappa=0.85). The examiners evaluated all restorations by filling out an individual record sheet for each patient. These records were made using the following modified USPHS criteria 11 : marginal integrity, marginal discoloration, wear, retention, secondary caries and hypersensitivity ( Table 1 ). The restorations were assessed immediately, one, six and twelve months after placement.
Statistical Analysis
In order to investigate the relationship between the dependent (marginal integrity, marginal discoloration, wear, retention, secondary caries, and hypersensitivity) and the independent variables (time gap of evaluations, materials - 
Description of the criteria
There is no visual evidence of marginal fracture in the interface tooth/restoration.
There are visible and tactile evidence of the presence of cleft, but the dentin is not exposed.
The explorer penetrates the tooth/restoration interface, with exposed dentin.
The restoration has continuity with the anatomical shape of the existing tooth.
The restoration has continuity with the anatomical, but no has dentin exposure.
There is loss of restorative material leading to dentin exposure There is no visual evidence of marginal discoloration on the tooth/restoration interface.
There is visual evidence of marginal discoloration on the tooth interface/restoration.
There is visual evidence of marginal discoloration, with extent of penetration in the pulp.
Presence of restoration. Partial absence or total restoration.
There is no visual evidence of decay in the tooth/restoration interface.
There is visual evidence of decay in the tooth/restoration interface.
Painful symptoms of absence to thermal stimuli and / or percussion.
Presence of painful symptoms when the performance of the different stimuli.
Presence of spontaneous symptoms reported by the patient. CR or RMGIC) the following non-parametric tests were used: Friedman's ANOVA, the Wilcoxon post-hoc test and the Mann-Whitney test. All tests were performed using SPSS version 20.0 (SPSS Inc., Chicago, USA). The level of significance was set to 5% (p<0.05).
Results
Four patients were lost at the last follow-up interval -1 year. This loss is equivalent to eight restorations, which did not affect the comparison of results. Table 2 summarizes the average results of the criteria used for assessing CR restorations immediately, one month, six months and one year after placement. Among the analyzed criteria, there were significant changes (p<0.05) in marginal integrity and wear after 6 months and one year post-placement, respectively. Although there were significant changes in marginal discoloration (p<0.05), no significant difference (p>0.05) was found between the evaluation periods times. Table 3 summarizes the average results of the criteria used for assessing RMGIC restorations immediately, one, six and twelve months after placement. According to Table 3 , there were statistically significant changes (p<0.05) in marginal integrity and wear of RMGIC restorations. There were statistically significant changes (p<0.05) in marginal integrity of RMGIC restorations after six months and one year. There were also significant changes (p<0.05) in the wear of restorations at one year post-placement. RMGIC restorations showed marginal discoloration at six months post-placement.
For both materials, in the individual evaluation, no significant differences (p>0.05) were observed over time criteria for secondary caries, hypersensitivity and retention, as shown in Tables 2 and 3 . Table 4 shows the comparison of the mean for CR and RMGIC over the evaluated intervals. Except for marginal discoloration after one year of evaluation, there were no significant differences (p>0.05) between both materials for all evaluated criteria.
Discussion
In general, the multifactorial etiology, pathogenesis, diagnosis and selection of procedures for the restoration of abfraction lesions have challenged modern dentistry and generated a good deal of discussion.
The findings of this study are in line with the study by Santiago et al. (2010) 12 , who found no significant difference in marginal integrity and wear for CR at one year postplacement. The flaws identified in the marginal integrity of the CR restorations after six months may be due to failures in the interface between the tooth and the restorative material, especially near the cavosurface angle of the abfraction lesions. Moreover, the tooth is subjected to occlusal loads with time 3, 13 . The poor marginal fit of CR restorations denotes adhesive bond degradation and polymerization shrinkage, which is a difference from the thermal expansion coefficient between the material/tooth and the occlusal loads [14] [15] . The high modulus of elasticity of micro-hybrid CRs (e.g. Z100) characterizes them as rigid materials. This means that if subjected to occlusal load, they are unable to flex along with the tooth [15] [16] . In their in vitro study, Pereira Table 3 - Table 3 -Table 3 -Table 3 - Table 2 -Table 2 -Table 2 -Table 2 - Table 4 -Table 4 -Table 4 -Table 4 - Table 4 -Comparison of the average results obtained for RMGIC e CR restorations immediately, one month, six months and one year after placement.
found changes in the marginal integrity of teeth restored with Z100 resin. The high modulus of elasticity of this resin is insufficient to dissipate the stress of polymerization shrinkage. This is a persistent feature CRs, which ultimately leads to adhesion failure and seal collapse. Awliya and ElSahn (2008) 17 showed that the Class-V lesions restored with high-elasticity resins exhibited a satisfactory distribution of stresses, without marginal deterioration.
Clinical evaluation of two materials in the restoration of abfraction lesions
In line with the findings of other studies 9, 12, 18 , we found unsatisfactory marginal integrity results for RMGIC restorations. In contrast, other studies found that a RMGIC (Vitremer) was the best material for keeping the integrity at the dentin edge 8, 18 . Despite the favorable biomechanical characteristics of RMGIC, the striking marginal deterioration of RMGIC restorations may result from the hygroscopic expansion of glass ionomer components and fractures due to excessive contouring of the edges by materials subjected to occlusal loads 19 . Although finishing or beveling of the enamel walls has not yet been performed, the very configuration of lesion may lead to the occurrence of abfracted, friable, and unsupported enamel edges that surpass the cavosurface angle 20 . Thus, minor marginal fractures are associated with the small volume of RMGIC in the interface between tooth and restoration.
When there is a satisfactory bond between the restorative material and the tooth, the forces generated by the compression of the restoration will act more upon the body than on the adhesive interface. As a consequence, the adhesive bond will be preserved. This will allow favorable retention of the restoration even if the marginal integrity is affected 8, 18 , as shown in this study. According to Van Landuyt et al. (2011) 21 , although the retention rates for current adhesive systems have improved, marginal sealing remains problematic. Analogous to this research, Burrow (2011) 22 also found that marginal deterioration was more outstanding than discoloration for both materials. However, this marginal deterioration did not compromise the overall performance of the restorations 23 , because both restorations were considered clinically acceptable and did not have to be replaced.
Marginal discoloration is expected following damage to the edges of the restoration. In the initial assessments in this study, the statistical analysis revealed some change in the color of the edges for both study materials. This may relate to difficulties with the finishing and polishing of the cervical restorations. It may also relate to the excess of restorative material (not removed after polishing) ) ) ) ) in nonconditioned areas, as this facilitates the impregnation of pigments 24 .
The initial color stability of RMGIC is generally satisfactory. It has ben demonstrated, however, that this material tends to change its color over time 9 . This may be related to surface changes within the material, as indicated by loss of anatomic contour and wear. This was also evident in the results of the present study.
In agreement with other studies 6, 9, 12, 22 , the present investigatiin found a significant difference in wear of both materials after one year of placement, mainly in CR. Santiago et al. (2010) 12 observed significant differences over time in the anatomical shape of the materials, especially CR, as compared to glass-ionomer cement. A possible explanation for the wear of CR restorations may be that the tensile stress during tooth bending would favor the formation of cracks in the body of the restoration, facilitating the detachment of inorganic resin fillers when they are subjected to conditions of mechanical friction and chemical abrasion, as during toothbrushing 14 . The long-term anatomical wear of glass-ionomer restorations may be attributed to inferior physical properties 25 relative to CR. Glass-ionomer has low resistance to the wear 26 associated with excessive brushing force. Van Dijken and Pallesen (2008) 27 , however, found that Vitremer was able to satisfactorily maintain its anatomical shape, which may be due to the improved physical properties of hybrid ionomer restorative materials.
Glass-ionomer cements tend to incorporate air bubbles during handling. The air bubbles and filler particles (which become exposed following brushing) result in porosities, increased roughness and wear 8 . These effects can be observed clinically.
The secondary caries criterion remained unchanged for both materials throughout the evaluation period. Similarly, no statistically significant difference was observed for postoperative hypersensitivity. In agreement with these findings, Pollington and Van Noort (2008) 28 found that out of the 60 CR restorations placed during their study, none showed signs of caries or postoperative hypersensitivity.
In this study, however, some patients exhibited hypersensitivity immediately and one month after restoration. The hypersensitivity experienced immediately after restoration may result from mechanical damage to the gums. This may occur during the finishing and polishing of the restorative materials or when excess material remains in contact with the soft tissue 29 . Gingival recession and root exposure immediately after placement or following finishing and polishing have been associated with tooth hypersensitivity in one-month postrestoration 30 . This was also observed by Stojanac et al. (2013) 14 . In their study, the hypersensitivity measured in the initial assessment decreased over time and disappeared completely after two years.
Several similar studies found no secondary caries associated with cervical restorations 9, 12, 14, [29] [30] . The absence of caries in the assessed restorations may be due because the participants were undergoing oral treatment (in the phase after conditioning of the oral environment) and maintained satisfactory oral hygiene. Moreover, the evolution in GIC has contributed to the reduction of dental caries because of its characteristics [31] [32] . Based on the findings of this study, both materials provided satisfactory clinical performance in the restoration of cervical abfraction lesions, with peculiarities inherent to the physicochemical properties of each one of them. Nevertheless, cost-effectiveness should be considered when choosing a restorative material. RMGIC is more expensive than CR. The authors believe that understanding the biomechanics of cervical restorations makes the selection of restorative materials easier and enables a better prognosis. This is due to a broader understanding of all associated factors.
In conclusion, the composite can be a good option to restore abfraction lesions. The use of this material or RMGIC should be inexorably bound to the balance of the occlusal Clinical evaluation of two materials in the restoration of abfraction lesions load, in order to increase the longevity of the restoration and preserve the remaining tooth structure. Given the limitations of this study, further research into the treatment of abfraction lesions is recommended. Future studies should employ indirect review methods and functional analysis of occlusion.
